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MULTIPLE BLADDER 
PARTIAL BODY OR FULL BODY SUPPORT MASSAGE SYSTEM 
INCLUDING A METHOD OF CONTROL 

5 FIELD OF THE INVENTION 

This invention telates to vehicle or chair seating or bed siq)p(»1 
configurations con^sed of inflatable e;qpandable chambers or air ceils for 
controlling the contour of the supporting inflatable cells to jooduce selective body 
10 or full body massage. 

BACKGROUND OF THE INVENTION 



3 InfLatable expandable chambers or air cells have been used in a variety of 

f i| 15 configurations to provide adjustments to tiie pressure in the inflatable air cells so as 
to produce a massage action on an occupant supported on the inflatable expandable 
IJ chambCTS or air ceils. This is eqjecially important in automobiles where long 

poiods of driving can cause pain and distraction or in other seating plications 
whone individuals are sed^taiy for long periods of time. 
20 Prior art seating systems including body massage are set-forth m USPNs 

4,655,505; 4,981,131; 5,135,282; 5,587,933 wherein inflatable expandable 
chambers or air cells are provided to adjust the pressure to produce a massage 
action on an occiqpant of a support surface. In the '505 patent the only type of 
massage mentioned incorporates changes in the support pressure. 
25 In the '282 patent a sequential control ofthe pressure in expandable 

chambers cer cells pressure includes a sequential pressurization of each of the 
chambers or cells forming the back support for a supporting surface. 

The expandable chambers are interconnected by valves that are responsive 
to pressure in the expandable chambers to cause one after another of the cells to be 
3 0 inflated and then deflated. The result is a broad wave front type of massage that 
requires transfer of pressure through all of the cells rather than flow of fluid to and 
fiom eadi cell. The requir^ent that pressure responsive valves direct 



flow between each of the cells increases the time required for a full massage 
sequence. 

In the '131 and '933 patents a massage control is provided to produce a 
pressure change at a given body psat. Thare is no mention how a massage index 
5 might be utilized to produce a concentrated massage at more than one expandable 
chamber. The *131, fiirthermore, requires a range of movement in a single cell to 
cause the spine of the user to be moved or manipulated. Such action is more 
extreme than required for massage action. 

While suitable for their intended puipose, the various known occupant 
10 support or vehicle seat systems with inflatable expandable chambers for contour 
shaping of a support such as on a vehicle s&dX surface do not provide for indexed 
e?q>andable chamber pressure control. Furthemiore, such syst^ns do not disclose a 
support system having more than one expandable chamber operated to provide 
massage movement that mcludes a sequence of inflate and deflate of each of the 
15 respective chambers or cells so as to provide concmtrated massage action while 
eliminating the problem of long massage cycle times as found in the '282 patent 

SUMMARY OF THE INVENTION 

20 A system of inflatable expandable chambers or air cells is constructed and 

installed in a seat or other like occupant support at locations which are strategic to 
the comfort of the user. The expandable chambers or air cells are connected to a 
pressure system including a pressxu-e source such as a pump. The pump supphes 
pressurized fluid to a manifold and valve arrangement which simultaneously or 

2 5 sequentially, as desired, connects each cell to the pump to inflate each cell. The 
flow of fluid into and out of each of the expandable chambers is controlled by 
means of a system of supply valves and one or more exhaust or vent valves to 
produce massage movement that includes a sequence of inflate and deflate of each 
of the respective e^andable chambers or cells so as to 

30 provide more concentrated massage. 
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Specifically, the massage of the present invention includes an inflate; a 
deflate and possibly an equaliz^ation of pressure betw^een two cells (^niHbration). 

In the presOTt invention inflate is defined as an increase in volume or 
pressure of fluid (including but not limited to air) in one of one or more 
5 expandable chambers. Such increase in volume or pressure is effected by opening 
a supply valve and closing a vent valve while energizing the pump(s) to move 
volumes of fluid either for a time or until a specified pressure is achieved. In 
most cases, the pump is connected to a manifold or common chamber and a 
supply valve is comiected to each of the expandable chambers to control the flow 

10 of fluid the between the common manifold chamber and the other one or more 
expandable chamb^. 

Deflate in the preset invention is defined as decreasing the volume or 
pressure of fluid (a fluid may include air but is not limited to air as the fluid 
medium) in one of the expandable chambers- Such deflation is effected, in one 

1 5 configuration, by closing a supply valve to the chamber and opening a vent valve to 
move volumes of fluid for a time or until a particular pressure is achieved. 
Such deflation is eflected, in another configuration, by opening the vent valve 
(controls the flow of fluid from tiie common chamber to the atmosphere) and the 
supply valve to the particular chamber (controls the flow of fluid between the 

2 0 conmion chamber and the other chambers). 

Equilibrate is defined in the present invention as an exchange of fluid 
(including but not limited to air) between two or more of one or more expandable 
chambers. Such exchange of fluid is efiected by closnig the vent valve(s) of two or 
more chambers and opening supply valves to the same two or more chambers for a 

25 specified time. The fluid will flow from the higher-pressure chamber(s) to the 
lower pressure chamber(s) resulting m an equalization of pressure in all of the 
participating chambers. The resultant pressure will be less than the initial hi^er 
pressures and more than the initial lower pressures unless the pressures were equal 
to start witL 

30 In one controUor suitable for use in the present invention, a 

microcomputer's non-volatile memory is programmed with data representing a 
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desired m^sage type and level for the expandable chambers or cells. By 
sequentially activating individual supply valves, a pressure signal from a 
transducer can be generated for each cell. The pressure signals are received by the 
microcomputer and can be compared with the predetermined massage level data 
5 to generate a control signal which activates the pump or open and close the 
supply and exhaust valves- Additionally, in accordance with the present 
invention, expandable chambers forming the contouring elemente of the seat back 
and seat bottom can have their pressure controlled by a timer to control the 
activation of the pvmp or opting and closing of the supply and exhaust valves to 

1 0 produce the desired massage affect 

One purpose of this invention is to provide a fiuidly (in some cases 
pneumatically) controlled support surface for an occupant such as in a seating 
system or bed having an array of expandable chambers or cells. Each of such 
e}q>acidable chambers is connected to a source of pressurized fluid (air), and 

1 5 arranged m a manner to inflate in response to produce a massage movement that 
includes a sequence of inflate and deflate at each of the respective cellsia 
accordance witii a massage index for concentrating the massage action on an 
occupant 

An object of the invention is to provide a massage method for a occupant 
20 support surface wherein one or more of the expandable chambers or cells is 
connected through an exhaust valve that will be opened in accordance with a 
control signal to produce a massage movement including a separate deflate at eac^h 
of the respective cells so as to provide more concentrated massage. 

Furthermore, another object is to provide more than one expasdable 
25 chamber that will provide an indexed massage in accordance with user selected 
massage types and preprogrammed inflation and deflation of individual expandable 
chambers by inflate and deflate steps including flow to and from each of a series of 
individual expandable chambers so as to produce a concentrated pulse type massage 
action. 

30 A fiirther object is to provide such a pulse type massage action by inflating 

each of the individual expandable chambers in a progression and thereaflar 
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defiatiDg each of fhe individual expandable chambers by reversing the progression. 
One feature of the present invention is to provide the system of the 

preceding objects wherein the control sequence for the concentrated massage action 

is under a microcomputer control. 
5 A still ftirther feature is to include the expandable chambers as a seat back 

and seat bottom support including such occupant massage. 

Another feature of the present invention is to provide a control system for 

such massage in the supporting sur&ce of a occupant support including a 

microcomput^ that is programmed to operate a manifold/valve system to 
1 0 automatically fill and deflate individual cxpmdsble chambers by fluid flow to and 

fiom each expandable chamber in a serial &shion so as to so as to provide more 

concentrated mass^e. 

Still anoth^ feature of the presCTit invention is to provide a nucrocomputer 

in the aforesaid systems in which the controller is programme to operate mull^le 
15 valves and a pump to conduct an initial inflate of the expandable chambers or ceUs 

to a gross pressure level with all of the valves initially open followed by continuous 

pressure reads and a sequential closure of each pressure zone formed by one or 

more cells as the pressure therein is compared by operation of the microcomputer to 

a desired target pressure and to provide a secondary adjustment of the desired target 
20 pressure. 

A further object of the present invention is to provide a microcomputer 
control of the preceding object wherein flie sequential control of the fluid volume 
flow to and firom each expandable chamber or cell is either by a pressure pump 
inflation with open supply valves inflation or by an exhaust valve deflatioa 
2 5 Still anoth^ feature of the present invention is to provide a microcomputer 

in the aforesaid systems that conditions the system to open all the cells to 
atmosphere when a seat is not occiq>ied and to inflate &e seat back to a desired 
initialization pressure for occupant siq)port 

Still another feature of the present invention is to provide a microcomputer 
30 in the aforesaid systems in which an initial occupant assessment is made and 
inputted to the microcomputer and utilized to establish a selected massage index in 
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a look-up table for use in a massage control operation of the system. 
BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a perspective view of an automotive seat showing one 
embodiment of the invention for locating pneumatic massage expandable chambers 
or in the back, seat and head rest positions of a vehicle seat structure. 

Figure 2 is a view of a pr^sure supply system for the embodiment of Figure 

1; 

Figure 3 is a view of a fKOgranmiable manage operating system for the 
embodiment of Figure 1; 

Figure 4 is a view of another ^bodim^t of a massage system for use with 
the mettiod of the present invention; and 

Figure 5 is a view of stiU another embodiment of a massage system for use 
with the metibod of flie present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A series of expandable chamb^s or bladder like air cells 1 are placed at 
strategic locations about the contour of an automotive seat 2 as shown in Figure 1. 
The expandable chamber or cell placement is selected to coincide with key pressure 
points on the body of an occi^ant of the seat. 

In particular, a plurality of expandable chambers or cells 3a, 3b, 3c are 
positioned in the thoracic region while plural cells 4a, 4b, 4c are combined in the 
lumbar region. To fiirther facilitate the adjustment of the seat, pairs of cells 5, 6, 7 
and 8 are positioned at either side of the back and seat as well as the front and back 
of the thighs respectively* Each of these cells is in direct contact with the body to 



provide the control system with information which may be related to the comfort of 
the user and in accordance with this invention to provide a desired massage action. 

In addition to flie pairs of cells that are provided to adjust the comfort of a 
user, in accordance with the present invention a pluralily of e^q^andable chambers 9 
5 are formed in the head rest and a plurality of expandable chambers 10a, 10b, 10c 
are provided in the seat bottom. 

The cells are connected to a pressure system including a source of 
pressurized fluid provided iti part by a pump 12 through a manifold 14 as shown in 
Figure 2, The manifold 14 and pump 12 are controlled by a controller 16 
1 0 responsive to pressure signal from a transducer 18. Alternatively, instantaneous data 
may be scaised by an array of force sensors as described in U.S. Patent No. 
5,283,735 in the place of the transducer 18. In the latter instance flie sequencing 
would remain the same, but it would be coordinated with a polling of the sensor 
array. 

1 5 Each individual ^andable chamber or cell is constructed of a 

suitable flexible material such as rubber, thraaoplastic polyurethane coated fabric 
or any oth^ material provided wilh a fluid tig^t connection to the manifold to 
provide a path for conducting fluid into and out of the cell. The cells may be 
connected individually to the manifold or jointly with other cells. Individual spaced 

20 parallel cells 3a-3c, 4a-4c, and lOa-lOc, located for full body support and for full 
body massage if desired, are each connected to a single supply valve 26 controlled 
in a manner to provide a concentrated pulse or wave action massage to be 
described. The invention also contemplates use of a pr^smizable mat in place 
thereof that includes segments fiiat are pressure controlled to produce the massage 

2 5 action of the present invention. 

The manifold 14 consists of a housmg 20 enclosing a common chamber 22 
constructed with multiple outlet ports 24 for connecting the conmion chamber 22 to 
the inlet/outlet tubes of each individual cell or regional groi5> of cells. Each outlet 
port 24 is provided with an outlet or supply valve 26 to each expandable chamber 

30 (or group of esqpandable chamb^ if interconnected) for controlling the flow of 
fluid to and from each of the ©qpandable chambers or cells. In this embodiment. 
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the sensor is a pressure sensing transduce:' 18 that is operatively connected in fte 
manifold to sense the pressure in the common chamber 22 and generate a signal 
indicative thereof. Chamber 22 is also constructed with a single inlet port 28 which 
is connected to a feed tube 30 to receive pressurized fluid, in this case air, from 
5 pump 12. A supply valve 32 is provided in feed tube 30 to control the flow of 
pressurized fluid to the manifold. The manifold can be molded of a high strength 
plastic material or other suitable material. The plastic material arrangement can 
have many of its components integrally molded therein. It is prefCTred that it be as 
compact and lightweigjit as possible. However, the invention can be configured 
1 0 with other than lightweight components and other than with mtegral components. 
A common exhaust valve 34 is provided to selectively release pressure from the 
common mani&Id chamb^ 22 through vmting port 36. The pressure in common 
chamber 22 can therefore be adjusted by either actuating pump 12 or exhaust valve 

34. 

Ill 

I !| 15 In ttie embodiment of Figure 4, a pressure system is shown somewhat 

diagrammatically as including a controller 16' and a common manifold chamber 22' 
tiiat is connected to a pressure source shown as a pump 12'. The controller 1 G 
includes a valve drive 35' and a pump drive 12b' like those shown in Figure 3. The 
pressure system includes a supply valve 26' to each of the expandable chambers or 
20 air cells 3', 4', 10' with it bemg understood that the chambers 3', 4' and 1 0' can 
include three separate chambers as in the first embodiment In this embodiment, 
exhaust is provided by a second pump 12a' connected to a second common 
manifold chamber 22a*. An exhaust valve 34' is connected to each of the 
expandable chambers and to &e second common manifold chamber 22a*. In this 

2 5 embodiment^ the inflate of each cell is the same as in the first embodiment. The 
deflate is produced when a valve 26* is closed to one of the e3q>andable chambers 
when Ihe exhaust valve 34* connecled to the one of fee expandable chambers is 
opened and the pmnp 12a' is energized to produce a r^id movement of fluid j&om 
the e^andable chamber that is b^g exhausted. Such inflow and outflow patterns 

3 0 produces a direct and concentrated inflate and deflate at each of the respective 
expandd>le chambera in accordance with niassa^e mdexes to be describe^^ 
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In the end)odimeiit in Figure 5 a pressure system is shown somewhat 
diagrammaticaily in which a svspply pump 12", valve drive 35" and pump drive 
12b*' like those in Figure 3 are connected during inflate through a common chamber 
or conduit 22" thence through supply valves 26" to each one of more than one 
5 expandable chamb^s 3", 4" and 5" with it being understood that the chamba:s 3", 
4" and 10" can include three separate chambers as in the other embodiments. 
Deflate is produced when exhaust valves 34" are opened and valves 26" are closed 
so as to connect individual ones of the expandable chambei^ to a common exhaust 
conduit 22a" that is connected in turn to an exhaust pump 12a". In this embodiment 

10 the exhaust valves 34" are connected to a conduit 27" for fluid flow both to and 
&om each of the expandable chambers. 

Supply valves 26, 26*, 26" and exhaust valves 34, 34', 34" are actuated by an 
electrical signal fixjm a valve drive 35, 35', 35" and are designed for low power, low 
fluid resistant operation. More specifically each valve 26, 26', 26", 34, 34', 34", is 

15 an adaptation of hi^y efficient valves used in medical applications such as MEMS 
type or piezoelectric actuated valves. The bodies and valve seats of such designs are 
easily moldable with and can be integrated as lightweight components within the 
manifold body. Individual valve bodies can be designed for stacking assembly to 
form the manifold of this invention. In addition to a piezoelectric actuated valve 

20 other low energy actuated valves are contemplated by the present invention 
including but not limited to electrically pulsed reed valves; valves having an 
actuator configured of nickel titanium alloy such as Nitinol; magn^c inductive 
type valves or fluidic control valves so long as low energy consun:q>tion will 
operate the valve in on-off positions in whidi the flow fix>m an inlet to outlet will 

2 5 satisfy the flow requirements of the pressure adjusted expandable chambers or in a 
given electropneumadc ^^stem for controlling a seating surface such as a seat, chair 
or bed to provide contouring, movement, si^port and/or comfort at a user inter&ce. 
The importance of the use of such a valve arrangement in ftie present invention is 
that, in the past, pressure adjusted systems have utilized solenoid actuated valves to 

30 open and close an expandable chamber or to a pressure source for inflating the 
expandable chamber or to a relief path for deflating the expandable chamber or. In 
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such plications, the size of the control package is difficult to contain within the 
confines of a vehicle seat structiTO. Furth^more, power consumption is a problem 
since the major power consumers in the system combine power flow for operation 
of a motor driven pnmp and the power flow for operating the solenoids connected 
5 to the mechaiucal valving components. However, if desiroi, the supply valves 26, 
26', 26" and exhaust valves 34, 34\ 34" can be solenoid operated valves. 

The active parts of the systems of this invention namely, the transducer 18, 
pumps 12, 12', 12", 12a' and 12a" as well as exhaust valve 34, 34', 34" and supply 
valves 26, 26', 26" are interconnected electrically to a controller 16, 16', 16" which 

10 controls the operation of the system. The controller 16 can be a commercially 
available microcomputer such as the PIC16C76 variant manufectured by 
Microchip. A microcomputer as xised herem includes all subsystems and peripheral 
components as is well known to those skilled in the art. The controller 16 has 
access to non-volatile memory which has been prograrmned to provide a 

15 predeteraiined comfort standard such as the algorithm described in U.S. Patent No. 
533 J35. 

A microcomputer's non-volatile memory is programmed with data 
rq>resenting a desired massage type and level for the expandable chambers or air 
cells. By sequentially activating individual manifold valves, a pressure signal 
2 0 from the transducer can be generated for each cell. The pressiire signals are 
received by the microcomputer and can be compared with the predetermined 
massage level data to generate a control signal that activates the pump or opens 
the supply valves and/or exhaust valves. By varying flie number and location of 
the cells the system becomes responsive to the localized pressures exerted on the 

2 5 body for a great variety of uses. Additionally, in accordance with the preseait 

invention, ejqjandable chambers forming the contouring elements of the seat back 
and seat bottom have their pressure controlled by massage indexes fliat will 
produce a desired concentrated massage action. Such data can be conq^iled and 
coded for use with individual e}q)andable chamb^ or regions of expandable 

3 0 chambers. Where base occupant support is included as set-forth in United States 

Patent Application 08/808,51 1 commonly owned by the assignee of this ^plication 
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and incoxporated by reference, data sensed by transducer 1 8 is compared to the 
comfort standard and an actuation signal is generated which actuates tiie system to 
compensate for any differential between the programmed comfort level and the 
sensor generated data. In order to opiate each cell or group of cells independently 
5 to provide an extensively adjustable system, the controUo' 16 is operative to actuate 
the supply valves 26, 26', 26" to isolate a selected expandable chamber or cell or 
group of expandable chambers or cells in communication with the manifold. The 
actuation is controlled in either an open or closed loop fashion to allow the pressure 
in the chambers 22, 22', 22" to equalize with the pressure in the expandable 

10 chamber or ceUs with wMch it is conmiunicating. On an instantaneous basis fh^ 
is a closed sj^em among the connected expandable chambers, the feed tube 28, the 
common chamber 22, 22', 22" and the fluid siq>ply thereby allowing the sensor to 
provide data from the closed i^stem and to provide adjustment of the pressure in 
the isolated expandable chamiber(s) by the MPU 21 to the desired comfort or 

15 pressure level. In operation, the controller 16 may opm a valve 26, 26', 26" 

interconnecting a selected expandable chamber or cell or expandable chamber or 
group, such as the back seat region cells 10, with the common chamber 22, 22*, 22" 
and allow the pressure in the selected system to settle out The time to let pressure 
equalize is "pressure settling time". After the settling time, the pressure is sensed 

2 0 and a signal is sent to the controller 1 6 for conqjarison wiih the preprogrammed 
comfort data. The controller 1 6 then generates a signal relative to the difference in 
the comfort level sensed to the programmed comfort level and initiates a flow of 
fluid to or &om the elected cell system to reduce the difference to zero. This 
sequence of operations is ih&a i^>eated **n" times until each of the expandable 

2 5 chamber or systems are sensed and adjusted. 

Alternatively, the controller 16, 1 6', 16" can be a controUo: system that will 
control the time in which fluid volume is transferred during inflate, deflate or 
equilibration as will be described in massage sequences that are based upon a 
predetermined massage index. Such timed control is an open loop control and does 

30 not depend upon the use of a transducer to sense pressure limits within the 
expandable chamb^ during a massage cycle. 



The massage indexes of the present invention will be understood to have 
plication to either the embodiment of Figure 2 or the embodimente diown in 
Figure 6 and in Figure 7 of previously mentioned USSN 8/808,511. The massage 
indexes also applies to the onbodimaits of Figures 4 and 5. It should be understood 
5 that Ihe operation of the inflate, deflate and if desired equilibrate index^ to be • 
described herein j?)ply equally well to systems in vMch the expandable chambeis 
or cells can be independently positioned or ranain in a predetecmined position on a 
support surfece of a vehicle seat or tibe like wifliout being part of a pressure system 
for supporting an occupant 
10 Hie device and method of this invention is characterized by using a preset 

inflate, deflate and if desired an equilibration massage index sequence as flie 
programmed massage level and type and allowing the system to adjust the pressure 
in each e3q)andable chambo: to produce a predetermined massage ttie level 
and intensity of a massage can be selected ranging from li^t to high liiat can 
15 correspond to a Iowa: prrasure or a Iowct frequency at the light setting; a medium 
pressure or a medium fiequoicy at the medium setting, etc. In addition the operator 
can a<gust the pressure level in accordance with his or her own perceived massage 
comfort. It is observed that by varying the conqjarative massage data and flie 
numba: and location of the ejqjandable chambers the system of this invention 
20 allows for a wide variety of massage types and an almost infinite flexibility of 
adjustment in a p^kage that is simple, light weight, low cost and efficient. 

Additionally, in accordance with the present invention, expandable 
chambers or cells forming the contouring elements of the seat back and bottom 
can also be located to form a support in a bed structure or other occupant support 
25 system. In this case as in the vehicle seat applicati<ai the expandable chambers 
have their pressure controlled in response to the selected type of massage index 
resulting in a sequence of flow to and from each expandable chamber during a 
predetemined inflate, deflate and if desired equilibrate sequence. 

As mentioned in the summary of tixe invention section of this application, 
30 m the present invention "inflate" is defined as an increase in volume or pressure 
of fluid (including but not limited to air) in <me of one or more expandable 
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chambers 3a-3b; 4a-4c; 10a- 10c. Such increase in volume or pressure is effected 
by opening supply valves 26, 26', 26" and closing exhaust valves 34, 34', 34" 
while energizing pump(s) 12, 12*, 12" to move volumes of fluid either for a time 
or until a specified pressure is achieved. In most cases, the pump is coxmected to 
5 a manifold or common chamber 22,22', 22" and a supply valve 26, 26", 26" is 
connected to each of the expandable chambers to control the flow of fluid the 
between the common manifold chamber and the other one or more expandable 
chambers. 

"Deflate" in the present invention is defined as decreasing the volume or 
10 pressure of fluid (a fluid may include air but is not hmited to air as the fluid 
medium) in each one of the expandable chambers. Such deflation is effected, in 
configurations shown in Figures 4 and 5, by closing a supply valve 26', 26" to one 
of the chambers 3', 3", 4', 4" and Iff, 10" and opening an exhaust or vent valve 34', 
34" to such expandable chambeis to move volume of fluid ei1h» for a time or until 
15 a particular pn^sure is achieved. Such deflation is eflfected, in another 
configuration shown in Figure 1, by opening a vent valve 34 (controls the flow of 
fluid &om the common chamber to the atmosphere) and the supply valve 26 to the 
particular chamber (controls the flow of fluid between the common chamber and 
the other chambers). 

20 Equilibrate is defined in the present invmtion as an exchange of fluid 

(including but not limited to air) between two or more of one or more expandable 
chambers. Such exchange of fluid is effected by closing the vent valve(s) of two or 
more chambers and opening supply valves to the same two or more chambers for a 
specified time. The fluid will flow fix)m the higher-pressure chamber(s) to the 

25 lower pressure chambar(s) resulting in an equalization of pressure in all of the 
particq)ating chambers. The resultant pressure will be less than the 
initial higher pressures and more than ttie initial lower pressures unless the 
pressures were equal to start with. 

Looking specifically at the occupant support system of Figure 1, a system 

30 ofM air zones (spaced parallel and full width expandable chambers or cells 
individually formed as shown at 3 (cells 3a, 3b and 3c), (cells 4a, 4b, 4c) and 
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10(cells 10a, 10b aad 10c), where M is greater tibian or equal to one, m 
corresponds to one air zone (3a). For a given massage sequence, each step in the 
sequence is defined by an index, n, where n ranges from 0 to N- 1 . N is the total 
numb^ of steps in the sequence. An air zone, m, maybe associated witii more 
5 than one index, n, and the adjustment sequence is not constrained by the physical 
zone order 0 through M-1 . The massage sequence is repeated as many times as 
necessary to complete the timed massage inta-val. 

Let inflation be defined by I (n), deflation by D (n) and equilibration by E 
(no, Ui, . . . Um) where J ranges from 2 to M. For equiUbration, the valves to the 

1 0 zones corresponding to the indexes are opened creating a pneumatic circuit 
between the zones thus allowing the pressures to equalize within the zones. 

There are an infinite number of massage sequences that may be defined by 
assigning zones to indexes then defining the adjustment ord^ of the indexes. In 
the simplest case, each index corre^onds to a single zone and is defined 

1 5 according to the physical zone orientation. In more complex cases, the zone 

order assignment to the indexes may be random and one zone may correspond to 
more than one index. 

Inflation and deflation may be based on time or pr^sure. If based on 
time, inflation or deflation is performed for a set period of time. The intensity of 

2 0 the massage is controlled by scaling the adjustment time. If based on pressure, 
the inflation or deflation is performed until a preset target pressure is achieved. 
In this case, the intercity of the massage is controlled by scaling the target 
pressure. Equilibration generally is active for a specific time. The sensation of 
massage speed is controlled by equilibmtion time or the velocity of the volume of 

25 airflow. 

Massage sequences that include Indexes 0 througii N-1 



Sequence 1 


Sequence 2 


Sequence 3 


Sequence 4* 




I(N-1) 


1(0) 


I(N-2) 


1(0) 




I(N-2) 


D(0) 


D(N-2) 


E(0,1) 






1(1) 


Sequence 

• « • 

continued 


D(0) 




1(0) 


EXl) 


1(0) 


Kl) 




D(0) 


1(2) 




E(1,0) 
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Dfl) 


D(2) 




D(l) 




D(2) 


Sequence 

continued 








Sequence 
continued 


I(N-1) 








D(N-n 


D(N-I) 












Sequence 5 


Seq. 5 cont. 




E(O.l) 


D(N-2) 


1(0) 


E(N-2,N-1) 


D(n 


I(N-2) 


E(1,0) 


D(N-1) 


1(1) 


E(N-3JSr-2) 


D(0) 


I(N-3) 


E(2,l) 


D(N-2) 


1(2) 




D(l) 


E(l^) 




1(1) 


E(N-l,N-2) 


1X2) 


I(N-1) 





♦Sequence 4 is shown for a two-zone system. In this case m = n. 



Additional massage sequences can be constructs from the sequences 
shown. For example implementing Sequence 1 followed by Sequence 2 or 
Sequence 3 followed by Sequence 4 provide two more massage types. 

Sequence 1 and 2 are operative to produce grotq>ings of cell to cell pulse 
and Sequences 3 and 5 are operative to produce an individual oeU to cell inflate or 
deflate wave \«iiQ:ein the massage moveanait includes a sequence of inflate and 
deflate between the r^ective cells so as to provide more concentrated massage 
while maintaimng a wave type movement of the cells producing the massage 
action. Sequence 4 is operative to produce massage in a two-zone system. 

More specifically. Figure 1, omitting flie headrest, shows 13 air cells (3a, 
3b, 3c, 4a, 4b, 4c, 10a, 10b, 10c, 5, 6, 7 and 8 which are arranged in 1 1 air zones 
3a, 3b, 3c, 4a, 4b, 4c, 10a, 10b, 10c, 5 and 6 combined and 7 and 8 combined. A 
massage system may have as few as 1 zone and as many zones as the seat and air 
cell size dictate. To use general terminology, let m corre^nd to a specific zone 

15 
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where m ranges from 0 to M-l and M is the total number of zones. The relation 
between an air zone and an air cell is flmt a zone may contain more tiian one air 
cell. 

For massage in accordance with this invention, any zones may be inflated, 
deflated and possibly equilibrated in any sequence. A single air zone may be 
adjusted more than once in any single sequoice. There are an infinite nimiber of 
massage sequences depending on the total number of zones, the number of zones 
massaged, inflation/deflation/equilibration order in which in/out flow to each 
zone occurs. 

One way to cover the variations is to define the 
inflation/deflation/equilibration sequence using indexes. Each index is associated 
with (represents) a single zone but a zone may be associated with more than one 
index. Indexes, n, range from 0 to N-1 , where N is the total number of indexes. 

Example: Assxmie a fliree zone massage is desired. The zones chosen are 
3a, 3b, 3c on Figure 1. Assume the massage sequence contains 4 indexes: 
0,1,2,3. The association between the zones and the indexes is chosen to be: 



Index 


Zone 


0 


3a 


1 


3b 


2 


3a 


3 


3c 



The massage sequence fiien chosen is Sequoaice 3, for example. 



Step 


Action by Index 


Action by Zone 


Word Description 


1 


1(0) 


1(5) 


Inflate zone 3a 


2 


DfO) 


D(5) 


Deflate zone 3 a 


3 


icn 


1(6) 


Inflate zone 3b 


4 


Dfl) 


D(6) 


Deflate zone 3b 


5 


1(2) 


1(5) 


Inflate z<me 3a 


6 


1X2) 


D(5) 


Deflate zone 3a 


7 


1(3) 


1(7) 


inflate zone 3c 


8 


D(3) 


D(7) 


Deflate zone 3c 




Repeat 


Repeat 
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Thus, within the context of systems having expandable chambers that are 
each inflated and deflated by index selections to produce concentrated massage, 
there are an infinite number of possible massage sequences. The different 
massages depend on the number of zones active for massage, the sequences of 
inflations, deflations and equilibrations and the times or pressure settings 
(duration) associated with the air movement functions. 

The specific sequences provided in the descriptions below are only a 
small subset of the range of possibilities. 



The sequences currently implemented are (by index): 



"Pulse" 


"Wave" 


Massaging 


3 Zone 


1(0) 


E(O.l) 


D(0,l,2) 


D(0,U) 


1(1) 


1(0) 


1(0), D(U) 


1(0), D(l,2) 


1(2) 


D(l) 


I(i),D(0,2) 


1(1), iHoa) 


1(5) 


E(1,0) 


I(2),D(0,1) 


1(2), D(0,1) 


1(6) 


1(1) 


I(1),D(0,2) 


Repeat all except 


1(7) 


D(0) 


I(0),D(1,2) 


D(0,l,2) 


D(7) 


E(2,l) 


Repeat all except 


D(6) 


1(2) 


D(0,l,2) 




D(5) 


D(l) 




D(2) 


E(5^) 






D(l) 


1(5) 






D(0) 


D(2) 






Repeat 


E(6,5) 








1(6) 








D(5) 








E(7,6) 








1(7) 








D(6) 








E(6,7) 








1(5) 








D(6) 








E(2,5) 








1(2) 








D(5) 








E(U) 








1(1) 








D(2) 








Repeat 
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In each of these cases the expandable chambers do not carry the reference 
nxmieral designations shown in the various embodiments but it is understood that 
the designations are for a support system having zones 0, 1, 2 (could correspond 
5 to 4a, 4b, 4c) and zones 5, 6 and 7 (could correspond to 3a, 3b, 3c), 
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m 
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What is claimed is: 

1 . A massage method for a seat or hody siq)port system having more 
than one expandable chambers and including a pressure system for each 
expandable chamber and an exhaust system for each expandable chamber and a 
controller for operating the pressure and exhausts system the method comprising: 

selecting a massage control index for operating the pressure 
system and exhaust system to control the pressures in each of said expandable 
chambers; and 

controlling the pressures in each of the esqjandable chambers by 
connecting each of flie expandable chambers to said pressure system to produce 
an inflow of afluid to each of the expandable chambers followed by operating the 
exhaust system to produce an outflow of fluid fix>m each of the previously 
inflated «pandable chambers to produce a massage sequence in which each of 
the expandable chambers are selectively inflated and deflated by fluid flow to 
and fix)m each of the expandable chambers. 

2. The method of claim 1 further characterized by providing the 
pressure system as a source of pressurized fluid; providing a supply valve for 
controlling fluid flow from the pressure source to each of the expandable 
chambers; and providing an exhaust valve for controlling the fluid flow from a 
previously inflated expandable chamber in a manner to produce individual 
chambo: to chamber inflate followed by chamber to chamber deflate. 

3 . The method of claim 2 furttier characterized by providing the 
exhaust system as a common exhaust; connecting said more than one expandable 
chambers to said common exhaust and opening said common exhaust in 
accordance with the massage index. 
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4. The method of claim 2 further characterized by providing the 
pressure systems as a pressure pump; providing the exhaust system as an exhaust 
pump; connecting said pressure pump and said exhaust pump to said array of 
5 expandable chambers in accordance with the massage index. 



5, The method of claim 1 further characterized by providing a user 
initiated switching means; and providing a range of desired m^sage indexes in 
accordance with user selected preferences; and selecting one of said desired 
1 0 massage indexes from said range to produce individual chamber to chamber inflate 
followed by chamber to chamber deflate. 



6. The metiiod of claim 1 fiirdier characterized by providing the more 
than one expandable chambers as expandable chambers in a back and seat support. 

15 

m 

15 7. The niefhod of claim 1 fiirfher characterized by operatic 

" " pressure system for each expandable chamber to equalize the pressure between 

predetermined ones of the expandable chamber as each of the predetemiined ones 
of the e}^andable chamb^s are selectively inflated and deflated. 

20 

8. The method of claim 1 further characterized by providing a pressure 
sensor; providing mxiltiple valves and a pump; providing a microcontroller 
progranmied in response to a signal from said pressure s^or to operate the 
multiple valves and a pump to conduct an initial inflate of the more than one 
25 e3q>andable chambers to a gross pressure level with all of the valves initially 
opening; said initial evening occurring prior to the cyclically connecting of each of 
the expandable chambers to the pressure source in accordance with flie massage 
index. 

30 9, The method of claim 1 further characterized by providing the more 

than one expandable chambers as a series of zones; said massage index including 
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first inflating each of said 2x>nes in a series fashion; said massage index tha:eafter 
including deflating each of said zones in a rev«:se series fashion. 

10. The method of claim 1 flirflier characterized by providing the more 
than one e>q>andable chambers as a series of zones including a first zone, a second 
zone and a third zone; the massage index including equalizing the pressure in the 
first and second zones by fluid transfer therebetween; thereafter inflating only the 
first zone and deflating the second zone while the first zone remains inflated; 
thereafter equalizing tiie pressure in the first and second zones; thereafter inflating 
the second zone; thereafter deflating the first zone while the second zone remains 
inflated; equalizing the pressure in the second and third zones by fluid transfer 
therebetween; thereafter inflating only the third zone and deflating the second zone 
while the third zone remains inflated 

1 1 • The me&od of claim 1 further characterized by providing the more 
than one air cells as first and secx>nd air cells (O, 1); providing a massage index 
that cyclically varies the pressure in the air cells by inflating ttie first air cell; 
equalizing pressure between the first and second air cells; deflating the first air 
cell; reinflating the first air cell; controlling the valved communication to 
equalize pr^sure between the first and second air cells following reinflation of 
the first air cell; and deflating the first air cell 

12. The method of claim 2 further characterized by providing the more 
than one air cells as first and second air cells (O, 1); providing a massage index 
that cyclically varies the pressure in the air cells by inflating the first air cell; 
equalizing pressure between the first and second air cells; deflating the first air 
cell; reinflating the first air cell; controlling the valved communication to 
equalize pressure between the first and second air cells following reinflation of 
the first air cell; and deflating the first air cell. 
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13. The method of claim 1 further characterized by providing the more 
than one expandable chambers as a series of zones including zone 0; zone 1 ; zone 
2; zone 3; zone 4; zone 5; zone 6; zone 7; providing a massage index including 
equalizing Ihe pressure in zones 0 and 1 by reducing Ae pressure in zone 1 and 
increasing the pressure in zone 0; inflate zone 0; deflate zone 1; equalize the 
pressure in zones 1 and 0 by fluid transfers from zone 0 to zone 1 reducing the 
pressure in rane 0 and increasing the pressure in zone 1 ; inflate zone 1 ; deflate zone 
0; equilibrate zones 2 and 1 (air transfers fix>m zone 1 to zone 2 reducing the 
pressure in zone 1 and increasing the pressure in zone 2); inflate zone 2; deflate 
zone 1; equilibrate zones 5 and 2 (air transfers from zone 2 to zone 5 reducing the 
pressure in zone 2 and increasing flie pressure in zone 5); inflate zone 5; deflate 
zone 2; equilibrate zones 6 and 5 (air transfers from zone 5 to zone 6 reducing the 
pressure in zone 5 and increasing the pressure in zone 6); inflate zone 6; deflate 
zone 5; equilibrate zones 7 and 6 (air transfers from zone 6 to zone 7 reducing the 
pressure in zone 6 and increasmg tiie pressure in zone 7); inflate zone 7; deflate 
zone 6; equilibrate zones 6 and 7 (air transfears &om zone 7 to zone 6 reducing the 
pressure in 2x>ne 7 and increasing the pressure in zone 6); mflate zone 6; deflate 
zone 7; equilibrate zones 5 and 6 (air transfers from zone 6 to zone 5 reducing the 
pressure in zone 6 and increasing the pressing in zone 5); inflate zone 5; deflate 
zone 6; equilibrate zones 2 and 5 (air transfers from zone 5 to zone 2 reducing flie 
pressure in zone 5 and increasing the pressure in zone 2); inflate zone 2; deflate 
zone 5; equilibrate zones 1 and 2 (air transfers from zone 2 to zone 1 r^ucing the 
pressure in zone 2 and increasing the pressure in zone 1); inflate zone 1; deflate 
zone 2; repeat 

14. The method of claim 2 ftirtha: characterized by providing the more 
than one expandable chambers as a series of zones including zone 0; zone 1; zone 
2; zone 3; zone 4; zone 5; zone 6; zone 7; providing a massage index including 
equalizing the pressure in zones 0 and 1 by reducing the pressure in zone 1 and 
increasing the pressure in zone 0; inflate zone 0; deflate zone 1; equalize the 
pressure in zones 1 and 0 by fluid transfers fix>m zone 0 to zone 1 reducing the 



22 



pressure in 2scme 0 and increasing the pressure in zone 1; inflate zone 1; deflate zone 
0; equilibrate zones 2 aud 1 (air transfers fix>m zone 1 to zone 2 reducing the 
pressure in zone 1 and increasing the pr^sure in zone 2); inflate zone 2; deflate 
zone 1; equilibrate zones 5 and 2 (air transfers fiom zone 2 to zone 5 reducing the 
pressure in zone 2 and increasing the pressure in zone 5); inflate zone 5; deflate 
zone 2; equilibrate zones 6 and 5 (air transfers from zone 5 to zone 6 reducing flie 
pressure in zone 5 and increasing the pressure in zone 6); inflate 2x>ne 6; deflate 
zone 5; equilibrate zones 7 and 6 (air transfers from zone 6 to zone 7 reducing tiie 
pressure in zone 6 and increasing the pressure in zone 7); inflate zone 7; deflate 
zone 6; equilibrate zones 6 and 7 (air transfers from zone 7 to zone 6 reducing the 
pressure in zone 7 and increasing the pressure in zone 6); inflate zone 6; deflate 
zone 7; equilibrate zones S and 6 (air transfers from zone 6 to zone S reducing the 
pressure in zone 6 and increasing the pressure in zone 5); inflate zone 5; deflate 
zone 6; equilibrate zones 2 and 5 (air transfers from zone 5 to zone 2 reducing the 
pressure in zone 5 and inoieasing Ifae pressure in zone 2); inflate zone 2; deflate 
zone 5; equilibrate zones 1 and 2 (air transfers from zone 2 to zone 1 reducing the 
pressure in zone 2 and increasing the pr^sure in zone 1); inflate zone 1; deflate 
zone 2; repeat 
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20,494 
43,904 



SBKD C0RRBSP02TDENCE TO 



dirbct tblephoot calls to; 
(Name and tslbA&ohb jwmbbr) 




Raising, Sthington, Barnes ; Kisselle 
Leannan & McCulloch, P.C. 
201 W. Big Beaver Road, Ste* 400 
P.C, Box 4390 
Troy, Ml 48099-4390 



John C. Evans 
(248) 6S9-3500 



\ 



0 



2 



nEChARATXOS 

T har^y d«elar« fciiat alL Btat«menca ffidde Herein of my ova kELOWlodg* are 
bruo and that all statements made on information and belief are believed to be 
true/ and further taiat these statesoenta vera made vith the knowledge that 
willful false atateoaents azkd the like ae made are punishable by fine or 
iauprieonmentr or both, under Section 1001 of Title 18 of tbe United States 
Code, and that svlcIx irillful false statements nay ieopardiae the validity e£ 
the application of my patent issued thereon, 

SIGHATOSSCS} 

Full name of sole or fiest inyf^ntnr Rioliagd^ 
Inventor ' s signature 



Date 



Country of Citizenship ua 



Residence 



.13 Lil Hor^Avemae 



5 



SOmergworthX 03 87 8 



Full name of second joint Inventor, Donna L, Lizotte, Ph. P. 
Inventor's signature /^^yA^ pC P'^^^^it-Cl^ 



Date 



Residence 



Country of Citizenship 
238 South Road 




(Declaration and Power of Attorney El-l] page 3 of 4) 



SENT by: Xerox Plain Pap er"" 7033;' 8- 8- 0 ; 8:27 ; BARNES. KlSSELLE-'60 36665522 



;# 4/ 4 



111 



{Declaration and Power of Attorney Cl-l] page 4 of 4) 

KDIDED PAGB TO C02G3X27BP PICLAHATION »iD P097ER OF ^^TTOHHST 
FOR SIGNATURE BY THIRD Mm SUBSIEQUEINT XNVSSTFORS 



Full name of third Joint inyeator, ^y^^ Weeks 



Inventor »s signature 
Date 3^Q/<20 Coitotry of Citiaenship US 



Post Office Address \ 

'^^^^^ Pull name of fourth joint inveatevT — Carl F Kf^fTT7.eiitneister 
Inventor's signature ^ ^^1^^!>^ 



Date y/gya€»^ CouDtry of Citizenship U3 

Residence 10 Country Partn Roa<^ 



Post Office Address 



StrathamX KK 



?uXl name of fifth joint inventor « 
Inventor ' s signature 



E>ate Country of Citizenship 

S^esidence 



Post Office Address 



Full name of sixth joint inventor, . 
Inventor's signature 

Date . Country of Citizenship 

Residence 



Post Office Address 



r3 ' 



CHECK PROPER ^BOX(ES) FOR ANY OF THE FOLLOWING ADDED 
PAGE(S) WHICH FORM A PART OF THIS DECLARATION 

X signature for third and subsequent joint inventors. Number of 
pages added 1 

Signature by administrator ( trix) , executor (trix) or legal 



representative for deceased or incapacitated inventor. Number of pages added 



Signature for inventor who refuses to sign or cannot be reached by 

person 

authorized under 
37 CFR X.47. 

, , , Number of pages 

added 

* * * 

Added pages to combined declaration and power of attorney for 

divisional, 
continuation, or 
continuation-in- 
part (CIP) 

. .svv appl i c a t i on . 

Ifl Number of pages added 

— — _ 

Z ie * ^ 

Jif Authorization of attorney (s) to accept and follow instructions from 

SuP representative . 

:5'5IS: * * * 



If no further pages form a part of this Declaration then end this 
Declaration with this page and check the following item 

This declaration ends with this page. 



